AbstractöAim: To assess the validity and the short-term reproducibility of a semi-quantitative, self-administrated food frequency questionnaire and a structured 72-hour recall in a Mediterranean Spanish population. Methods: 44 free-living volunteers participated in the study. Macronutrient, vitamin and mineral intake, recorded on the food frequency questionnaire and the structured 72-h recall were compared with intakes derived from a three-day food record (reference method).Validity of the dietary assessment methods was further assessed by comparing urinary nitrogen, plasma vitamin C, plasma b-carotene and whole blood glutathione peroxidase activity levels with the corresponding nutrient intakes from the questionnaires. The food frequency questionnaire and the 72-h recall were administered twice to assess the short term reproducibility. Results: Pearson's correlation coe⁄cients between urinary nitrogen, plasma vitamin C, plasma b-carotene and whole blood glutathione peroxidase activity levels and the reported nitrogen, vitamin C, b-carotene and selenium intakes were 0.26, 0.53, 0.17, 0.26 for the food frequency questionnaire; 0.41, 0.09, 0.34, 0.42 for the structured 72-h recall and 0.50, 0.54, 0.44, 0.38 for the three-day food record, respectively. The short term reproducibility of analysed nutrient intake showed average intra-class correlation coe⁄cients of 0.91and 0.69 for the food frequency questionnaire and the structured 72-h recall irrespectively. Conclusion:The food frequency questionnaire and the structured 72-h recall provide valid estimates of nutrient intake and could be used for dietary assessments.
Introduction
Cancer and atherosclerotic diseases are the most severe public health challenges in industrialised countries (1) (2) (3) . Various epidemiological studies have observed that nutritional habits are involved in the aetiology of these diseases (4) (5) (6) (7) . Therefore, a valid method is needed for assessing habitual food consumption in populations and individuals. However, measurement of nutrient intake is one of the most problematic tasks and considered to be the major problem in nutritional epidemiology.
Different methods have been designed to assess alimentation patterns in epidemiological studies (8) . Each of these methods has its own strength and weakness (9, 10) . the food frequency questionnaire (FFQ) is considered to be one of the most practical dietary assessment methods used in epidemiological studies (11) . 24-hour recalls are also commonly used but have limitations in the individual assessment of dietary intake, due to attenuation from daily variation in nutrient intake (12) . Because comparison between methods is of limited use in estimating validity, different biological markers that closely reflect dietary intake, but which do not rely on reports on food consumption, have been used to validate dietary assessment methods.
The REGICOR project has been operating in Girona (north-eastern Spain) since 1978 with the objective of studying the association of risk factors with coronary heart disease frequencies and prognosis. Diet is a crucial factor that requires an accurate assessment. Particularly in this area since the Mediterranean diet has been claimed to be one of the reasons for the low incidence of coronary heart disease, despite the high prevalence of cardiovascular risk factors (13) (14) (15) . Reliable instruments for diet measurements are necessary to identify which components of the Mediterranean diet are the best candidates to explain part of such a paradox.
The aim of the present study was to assess the validity of a semi-quantitative, self administrated FFQ and a structured 72-hour recall using different biological markers (urinary nitrogen, b-carotene, ascorbic acid and selenium) and a three day estimated food record as the reference method. A further purpose was to estimate the short-term repeatability of the FFQ and 72-hour recall. 
Methods

Participants
The present validation process included 44 free-living volunteers of a Mediterranean region (north-eastern Spain). The characteristics of the participants are shown in Table 1 . Participants were informed about procedures and possible risks involved before giving their voluntary consent to participate. The study was done in accordance with the Helsinki Declaration of 1975, as revised in 1989. The protocol was approved by the CEIC-IMAS ethics comittee.
Dietary assessment methods
The details on the sequence of questionnaire administration and blood and urine collection are shown in Figure 1 . All questionnaires were administered at least once over the study period. A subset of participants repeated the 72-h recall (n=19) and the FFQ (n=29) for repeatibility analysis purposes.
Three-day estimated food record
All subjects who agreed to participate had to fill a dietary record over three consecutive days from Sunday to Tuesday. This record was used as reference method.
72-hour recall
The 72-h recall questionnaire was administered by a trained interviewer. The questionnaire contained a food list. Participants were requested to describe precisely their food and non-alcoholic beverage intake during the previous three days. Each of the foods listed was characterised by a full description of the usual serving size.
Ninety different food typical of the eating habits in north-eastern Spain (e.g. local bread with olive oil and tomatoes, or the amount and type of oil used for salad and vegetable dressing) were selected to fit typical population alimentary habits. Furthermore, some generic goods had open questions for the participants to specify details of their type and serving sizes. In this case the interviewer requested the exact food type (e.g. type of cheese or salad ingredients). The precise preparation of foods was taken into account to include all the ingredients used (e.g. oil or butter for frying).
Food frequency questionnaire
A food frequency questionnaire (FFQ) was selfadministered twice, with a 6 week interval. The FFQ contained 157 food items representing typical foods in north-eastern Spain. Food items were listed in food groups (milk and dairy products, cereals and grain products, vegetables, legumes, eggs, meat and fish, meat products, oils and fats, 'fast food', canned products, fruits, nuts, beverages). The FFQ used in this study requests participants to estimate their each food consumption frequency as daily, weekly, monthly or rarely/never. All completed questionnaires were checked by a nutritionist for accuracy and completeness. Medium servings and units (slices, glass, teaspoons etc.) were specified for each food item.
Dietary analysis
Nutrient intakes were calculated from the 72-h recalls, food frequency questionnaires and three-day dietary records with the software DIET ANALYSIS NUTRI-TIONIST IV (N Squared Computing, San Bruno, SA, USA). The database of this software includes 9,879 food items complemented with food items from Spanish food composition tables (16) (17) (18) . *Mean (SD). Fig. 1 Scheme of the blood and urine sampling and questionnaire administration calendar in the validation study.
THREE-DAY ESTIMATED FOOD RECORD FOR DIETARY ASSESSMENT
Blood sampling and 24-h urine collection 24-h urine was collected in three consecutive days including a non-labour day (from Sunday to Tuesday) to have a broad spectrum of a typical week's diet (Fig. 1 ). Subjects were instructed on the technique of 24-h urine collection. They were requested to discard the first specimen of the first day and from then on to collect all specimens for 24-h, up to and including the first specimen of the next day. On the arrival at the laboratory, the volume of the 24-h collections was recorded. Urine aliquots were stored at 7208C prior to analysis.
Fasting blood collection and laboratory determinations
Blood samples were obtained once in 19 participants and twice, one month apart from each other, in another 24 participants (total number of blood samples was 67). A 20 ml sample of blood was taken by venipuncture, 15 ml with EDTA and 5 ml with lithium heparin. EDTA samples were centrifuged at 15006g for 15 min at 48C. One ml of a homocysteine/10% trichloroacetic acid solution (0.7 mg/ml) was added to 1 ml of plasma, the mixture was centrifuged at 7006g for 10 min and stored at 7808C prior to analysis for vitamin C. Remaining plasma was separated and stored at 7808C prior to analysis for b-carotene. Aliquots of whole blood were frozen at 7808C for maximum one week prior to analysis for glutathione peroxidase (GSH-Px). Plasma b-carotene was measured by liquid chromatography with photodiode-array detection (19) . Plasma vitamin C was measured by liquid chromatography with electrochemical detection (20) . GSH-Px in whole blood was measured by a modification of Paglia and Valentine method as previously described (21) . Total urinary nitrogen was estimated from urea determinations by enzymatic methods. The between-run imprecision of the methods ranged from 2.4% to 7.8% expressed as coefficient of variation (CV).
Statistical analysis
Comparisons between two groups were performed with Chi Square and Student's t test for categorical and continuous variables, respectively. Comparisons among more than two groups were performed by analysis of variance.
Reproducibility of the questionnaire was assessed by calculating the intra-class correlation coefficient between the paired values of repeated measurements. Intra-class correlation coefficient may be defined as the proportion of the total variability due to intra-individual variability: therefore, this coefficient can also be interpreted straightforwardly as a measure of correlation.
Given the objective of the present study, intra-class correlation coefficients were estimated under fixedmodel assumptions (22) . Normality of each distribution was checked by Kolmogorov-Smirnov non-parametric tests, while homogeneity of variances between two repeated-measure distributions was verified by Levene tests. The following simplified formula for the fixed-model intra-class correlation coefficient (23) was used:
where A and B are the standard deviation (SD) of the distributions of two repeated measurements, while D and C are the mean and the SD of the distribution of the differences between these two measurements, respectively, and n is the sample size. Although some authors have objected that Pearson's product-moment correlation coefficient only assesses the intensity of a linear association between two variables (16), reproducibility of a measurement instrument is generally assessed by estimating Pearson's correlation coefficient. In consequence, Pearson's correlation coefficient and its 95% confidence interval (CI) were also estimated to permit comparison of our results with those of other studies.
Results
Comparisons among the three-day estimated food record, the 72-h recall and the FFQ
No statistically significant differences in nutrient intake estimates was observed between the 72-h recall and the three day estimated food record ( Table 2) . Values for most nutrients reported on the 72-h recall were very similar (510%), except for fat, b-carotene and fibre, when compared with that of the three-day estimated record. On the contrary, the FFQ overestimated nutrient intake in comparison with the three-day estimated record (reference method). Differences between nutrient and energy intake were statistically significant (Table 2) , except for the percentual contribution of carbohydrate, protein and fat intake on total energy consumption. Table 3 shows Pearson's correlation coefficients between values obtained by the reference method and the other two dietary assessment methods. Correlation coefficients ranged from 0.17 for fat to 0.61 for bcarotene for the FFQ and from 0.11 for fat to 0.67 for vitamin C for the 72-h recall.
The extent to which the 72-h recall and the FFQ were able to classify individuals into the same quartile of intake, and the amount of misclassification into opposite quartiles compared with the reference method, are shown in Table 4 . Both methods classified 24-56% (average 35.1%) of individuals correctly into the same quartiles whereas 0-16% (average 5.7%) were misclassified in the extreme quartiles. The 72-h recall classified slightly more individuals correctly into the same quartiles (37% 72-h recall versus 33% FFQ).
CLINICAL NUTRITION 431
Nitrogen intake according to the three-days estimated food records and 24-h urine nitrogen output Average nitrogen intake estimated by the three-day food record from 44 individuals was 13.5 (SD 3.2) g/d and in these individuals N excretion in the 24-h urine was 8.11 (SD 2.5) g/d. The resulting urine-nitrogen to dietarynitrogen ratio was 0.61 (SD 0.2). The urine-nitrogen to dietary-nitrogen ratio followed a normal distribution. The mean values of this ratio were 0.38, 0.55, 0.63 and 0.86 for the first, second, third and fourth quartiles, respectively. Differences in N mean intake were significant (P50.001) among all quartiles. Daily intake of nutrients by quartiles of the distribution of the urine-to three-day estimated food record dietary-nitrogen ratio is shown in Table 5 . For energy, carbohydrate, and fat the highest values were in the 3 rd quartile and the lowest in the 2 nd quartile. Intakes for vitamin C, niacin, vitamin B6, folate, magnesium, potassium and fibre were highest in the lower quartile and lowest in the top quartile.
Differences in the nutrient intake recorded on the 72-h recall and on the FFQ by top versus lower three quartiles of the ratio of urine to dietary nitrogen from the reference method Energy consumption and intake of most nutrients, recorded on the 72-h recall, were very similar (510%) between individuals of the top quartile and those of the lower three quartiles, with the exception of vitamin C, b-carotene and fibre. The intake of all nutrients, with the exception of protein, was higher in the lower three quartiles (Table 6 ). Differences in energy consumption and nutrient intake between top versus lower three quartiles recorded on the FFQ were slightly higher than those found for the 72-h recall. Differences between top versus lower three quartiles for energy consumption and nutrient intake recorded by the 72-hour recall and the FFQ were not statistically significant.
Comparison between dietary assessments from the three-day food record, the 72-hour recall, the FFQ and biological markers
The biological markers 24-hour urine nitrogen, plasma vitamin C, plasma b-carotene and GSH-Px in whole blood were used to assess the validity of the estimated three-day food record, the 72-h recall and the food frequency questionnaire. Average dietary nitrogen intake from the reference method tended to be lower in the top quartile than in the lower three quartiles (13.9, SD 3.2 vs 11.9, SD 2.5). The opposite could be observed for the FFQ (16.9, SD 8.0 vs 20.8, SD 7.5), whereas minimal differences of average dietary nitrogen intake between highest versus lower three quartiles was observed for the 72-h recall (14.3, SD 4.2 versus 14.8, SD 4.7). However, none of these observed differences were statistically significant. Correlation between 24-h urine excretion and average dietary nitrogen intake was higher in the top quartile of the 72-h recall and the food frequency questionnaire (Table 7) . On the contrary, a higher correlation was found in the lower three quartiles of the three-day estimated food record in comparison to the top quartile. The highest correlation was obtained with the reference method (0.50), followed by the 72-h recall (0.41), and the FFQ (0.26) ( Table 7) . Correlation between urine and dietary nitrogen for the 72-h recall and the FFQ in the present study was higher than that observed by Bingham and colleagues (1995) for a structured 24-h recall and the Cambridge FFQ. A similar correlation was observed between the Oxford FFQ and the FFQ used in the present study (Table 7) . Correlation coefficients between dietary vitamin C intake and plasma vitamin C levels was highest in the reference method (0.54) and FFQ (0.53) and lowest in the 72-hour recall (0.09) ( Table 8 ). The highest correlation between dietary b-carotene intake and plasma concentration of this pro-vitamin was observed in the reference method (0.44) and the lowest in the FFQ (0.17). Correlations were higher in the FFQ of the present study when they are compared to the Oxford or Cambridge FFQs. Correlation coefficients between selenium intake and GSH-Px activity levels ranged from 0.42 to 0.26 (Table 8) .
Comparison of reproducibility of the 72-hour recall and the FFQ
The reproducibility of the questionnaires was assessed by correlations between two nutrient intake measures of each individual obtained with the same dietary assessment method. Pearson's and Intraclass Correlation coefficients for the FFQ and the 72-h recall are summarized in Table 9 . Mean repeatability measured by Pearson's correlation coefficient was 0.86 (0.60-0.95) and 0.56 (0.15-0.82) in the FFQ and the 72-hour recall, respectively. Values for the intraclass correlation coefficient ranged from 0.52 to 0.94 (average=0.83) for the FFQ and from 0.14 to 0.79 (average=0.69) for the 72-h recall. In general, correlations were higher for all nutrients in the FFQ compared with those obtained using the 72-h recall (Table 9 ).
Discussion
One of the most important areas of investigation in nutritional epidemiology is the analysis of the relationship between food intake and cardiovascular heart disease and cancer. However, measurement of usual food intake is considered to be one of the major problems in this field. In this study we have analysed the validity and reproducibility of a semiquantitative FFQ and a 72-h recall elaborated for assessment of habitual food intake in a Mediterranean population.
Pearson's correlation coefficient was lower for macronutrients and total energy intake (r50.31) than for vitamin, fibre and mineral intake (r40.33). In agreement with the findings reported by Schaefer et al. (25) , the lowest correlation was found for total fatintake (r=0.17). These investigators concluded (25) , after the analysis of reported macronutrient intake by a FFQ in subjects consuming diets of known composition, that the FFQ did not provide reliable estimates of absolute amounts of dietary fats. Individual food intake may show considerable dayto-day variation (22) . A single 24-h recall is not adequate for measuring an individual's usual intake, but is valid for estimating a population's mean-intake. With the aim of increasing accuracy in the estimation of the average dietary intake, a three-day recall questionnaire, administered by a well-trained interviewer, was used instead of a 24-h recall. Correlation coefficients for energy and nutrient intake between the reference method and the 72-h recall were higher than those obtained with the FFQ. This might be explained by the more similar time window dietary recall and record methods than those used in the FFQ.
The observed correlation coefficients between energy and nutrient intake reported in the reference method and those reported in the FFQ (range from 0.17 to 0.61, average=0.37) and the 72-h recall (range from 0.11 to 0.67, average=0.42) suggest a reasonable ability to accurately situate subjects across the distribution of intake.
Food frequency questionnaires has been shown to overestimate energy and food intake in comparison with other reference methods including weighed food records (26, 27, 28) . Our results are in accordance with these findings. In the present study, differences were largely attributed to a higher reported frequency of consumption of vegetables, fruits and meat by participants by the FFQ than that reported by the reference method. However, the comparison of mean nutrient intakes computed from a particular questionnaire with values derived from another questionnaire provides limited information on validity (29) . The validity of a questionnaire is primarily defined as its ability to classify study subjects according to a rank of nutrient intake. The ability to rank subjects adequately according to their dietary intake was reflected by Pearson's correlation coefficients (average of 0.37 and 0.42 for FFQ and 72-hour recall, respectively), intraclass correlation coefficients (average of 0.29 and 0.40 for FFQ and 72-h recall, respectively), and the proportion of correct classification into the same (average of 33.0% and 37.0% for FFQ and 72-h recall, respectively) and misclassification in extreme quartiles respectively (average of 6.8% and 5.3% of FFQ and 72-h recall, respectively). These data indicated acceptable relative validity, similar to previously validated FFQ (26, 30, 31) .
Nevertheless, comparisons between methods are of limited use in estimating validity, since all methods of dietary assessment are subject to errors (32) . Therefore, we compared the intake values obtained by the FFQ and 72-h recall with levels of several biological markers. One of the best biological markers for validating nutritional assessment methods has shown to be the 24-h urinary nitrogen for the estimation of protein intake (33) . In this study, the correlation coefficient between urinary nitrogen and protein intake from FFQ data (r=0.26) was within the range observed in previous studies (34) . Correlation coefficients were higher for the 3-day estimated food record (r=0.50) and the 72-hour recall (r=0.41). The correlation between urinary nitrogen and protein intake from the 72-hour recall was higher than those obtained from 24-h recalls in other studies (34) , and similar to those found in several food records which are often used as reference methods in validation studies (35, 36) .
FFQ is designed to assess usual food intake without the need of repeated measurements. Thus, it is useful to prevent measurement errors associated with known fluctuations in the frequency and amount of consumption of micronutrients such as vitamin C. Interestingly, the correlation coefficient between plasma concentration and reported intake of vitamin C on our FFQ (r=0.53) was similar to those found by Bingham et al. (26, 34) for this nutrient (r=0.48) from data of weighed records. This dietary assessment method which have been often considered to be the gold standard in nutritional assessment validation studies. FFQ correlation coefficients for b-carotene and vitamin C in this study were similar or higher, respectively, than those reported by these authors (26, 34) .
Selenium-dependent glutathione peroxidase (GSHPx) is considered to be a marker of selenium status (37) , and a good correlation has been reported for blood selenium concentration and erythrocyte GSH-Px activity (38) . We have measured GSH-Px in whole blood where levels of G SH -Px in erythrocytes account for 80-90% of total whole blood GSH=Px levels. As we have used this biological marker for this first time in a dietary assessment validation study, we can not compare our results with those of other studies. Nevertheless, the obtained correlation coefficients for the 3-day estimated food record (0.38), the 72-h recall (r=0.42) and the FFQ (r=0.26) were in an acceptable range compared to those found for other biological markers in the present and other studies (26, 39) .
The reproducibility of the FFQ ranged from 0.60 to 0.95 (average=0.86) and from 0.52 to 0.94 (average=0.83) for Pearson's and Intraclass correlation coefficients, respectively. Values obtained for the 72-h recall were lower for both coefficients than the former, (range from 0.15 to 0.82, average=0.56 for Pearson's correlation coefficient, and range from 0.14 to 0.79, average=0.54 for intraclass correlation coefficient), but with a similar average for those reported in the FFQ's by Ja¨rvinen et al. (r=0.43) (40) and MartinMoreno et al. (r=0.63) (41) . In general, these results suggest a good reproducibility of the FFQ and the 72-h recall tested in this study.
A characteristic of the study was that the relative validity of the FFQ and the 72-h recall were assessed in comparison with a three day estimated food record. A three-day period was chosen in order to avoid inaccuracy, given that prolongation of the recording period decreases the validity of the information gathered at latter days compared with the information compiled in the earlier days (24) . Also, we attempted for the first time, to indirectly validate the selenium intakes obtained in the questionnaires by analyzing their correlation with GSH-Px levels. The results were encouraging for this dietary component which plays an important role in the antioxidant metabolic mechanisms as a cofactor of the GSH-Px, a free-radical scavenger enzyme (42) .
In conclusion, our data indicate a reasonable relative validity of the FFQ and 72-h recall for estimating nutrient intake. Furthermore, we found the correlation of the 3-day food record and FFQ estimates with the biological markers to be some what better than or similar to those obtained in other studies. Our results also support the idea that GSH-Px, may be used as a marker of selenium intake, and could be a useful tool to estimate the validity of dietary assessment methods.
